
25 

 
 4 

 

 
 

 1   105 
 1.1  pH  

  
 1.  
    105 

 LS  2,4-D  2   150 

  0.05   pH  9  

 16   25±2   

4-5    1  

 scutellum  (  4.1) 

  2   

 (compact callus)  (friable callus) (  4.2) 

  

 
 4.1   

     30  
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 4.2  30  

  (C = compact callus)   

 (F = friable callus) 

 

 

3-4  ( , 2537)  

scutellum 

 (  , 2537; Tsukahara and Hirosawa, 1992; Rueb et al. (1994); Tsukahara et 
al., 1996)  Maede (1980) 

 scutellum  mesocotyl  

  2,4-D 

   2   

 (2537)  (2537)   (2545)   compact callus  friable callus 

 friable callus     (2537) 

 3    (compact 

callus)  (friable callus) 

 compact callus  friable callus 

 

 

 

 



27 

   105    pH  9  

 pH  6    

    (  4.3) 

  

 

 

 

 
 4.3   

 30    6    (W = white)  (Y = yellow)   

 (YW = yellow white)  (GS = green spot)  (B = brown)  

   (BL = black) 
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  (44-66%) 

 (32-47%)  pH  (2-14%) (  

4.3  4.1)  pH 5.8  

 pH   pH 4.5  9 %

 (2%)  

  

  

 4.1  pH   

         30  

 pH  
 (%) 

White Yellow white Yellow Brown Black Green spot 

5.8 (control) null 47 43 6 null 4 

4.0 null 66 32 2 null null 

4.5 9 44 32 14 2 null 

5.0 null 51 45 2 null 1 

5.5 null 47 47 5 null 1 

6.0 null 48 47 5 null null 

6.5 null 50 43 7 null null 

7.0 null 51 40 9 null null 

7.5 null 60 34 6 null null 

 
               

 (chlorophylls)  (carotenoids)  

(flavonoids)  (anthocyanins)  

  

     ( , 

2540)  ( , 

2537;  , 2537  , 2540) 
  embryogenic callus (E) 

 (Siriwardana and Narbos, 1983;  , 2540) 
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   non-embryogenic callus (NE) 
  (Wang et al., 1987) 

  (2546)  2   

 (compact)  (nodular) 

 embryogenic callus   (friable)  

(mucilaginous)  non-embryogenic callus 

   

 (  ,  2540) 

  105 

 pH 5.8  

   (2537) 

 1  

  2  

    (2537) 

 C2   R1-R5 

  

  

  

  pH 

  

 

 (browning)  

 ( , 2546; , 2548) 

2.   
 pH 

 5   

  2 

 5   30   

 10   

 30   4.4 



30 

 pH  30  (  4.2)   pH 6.0 

 61.7%  

   pH 5.8  

   pH 6.0  pH 

5.8  8.4%  pH 4.0  4.5   15.7 

 19.7%   

 

 
 4.4  pH   

     5, 10, 15, 20, 25  30  
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 4.2  pH  

       105  30  

 pH   (%) 

5.8 (control) 53.3 b 

4.0 15.7 e 

4.5 19.7 e 

5.0 31.3 d 

5.5 44.3 c 

6.0 61.7 a 

6.5 43.7 c 

7.0    37.0 cd 

7.5 39.3 c 

Mean 

     C.V. (%) 

  LSD0.05 

38.44 

11.65 

7.68 

 
 Piyachai et al. (2007) 

   LS  KNO3  10 M 2,4-D  2 

 NAA 2   15%  3  

 4  (RD6, 

KDML 105, SPR 1  CNT)  1-2.5   

105 

  (2537)  

 62.50%  MS  15  

 1  2,4-D 1  NAA 1   kinetin 1 

  

 pH 6.0  61.7% 

 pH  

  2,4-D  2   150   0.05 
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  pH 6.0  8.4% 

 pH 5.8  

   (2537) 

   (2540)  2,4-D  2 

   -

4  57% 

 pH 

  Bhatia and Ashwath 

(2005)  MS  pH 
 (4.5-7.5)   pH 

  pH  (4.5-5.8) 
 48-56%  pH  (6.5-7.5) 

 30-40%  pH 5.8 ( ) 
 pH 6.0  50%  

3.  

 pH  30  (  4.3)  

 pH 6.0   182.9  

  pH 5.8 (176.9 ) 

 pH 4.0-5.5  6.5-7.5  25.6-167.1 
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 4.3  pH   

       105  30  

 pH  
 

( / ) 

5.8 (control) 176.9 ab 

4.0 25.6 f 

4.5 72.3 e 

5.0  145.8 cd 

5.5 167.1 b 

6.0 182.9 a 

6.5 152.5 c 

7.0 138.3 d  

7.5  145.6 cd 

Mean 

     C.V. (%) 

 LSD0.05 

134.16 

12.72 

12.34 

  

 105  

30   pH 4.0-6.0 

 pH 6.5-7.5  

 pH 5.8 6.0   176.9 182.9 

   (2540)  

-4  4   133 

  pH 5.8 6.0 

  Pasqua et al. (2002)  thin cell layer 
 pH  3.0-7.0  25   

 pH 7.0  
(663±12.78 )  pH   

 

 



34 

 4.  
 5   

 10   

 1   

  25  30 

 pH 5.5  3.65   4.52  

 4.4  

 pH  30   

 pH 6.0  6.58  

 

 pH 5.8 (5.63 ) 

 pH 4.0-5.5   6.5-7.5  2.65-4.52  

4.61-4.89  

 

 4.4  pH  30  

 pH  

 

 ( ) 

 ( ) 

5 10 15 20 25 30 

5.8 0 1.25     2.52 abc    3.45 abc  5.63 ab   5.63 ab 

4.0 0 0.63 1.28 d 1.58 d 2.65 d 2.65 d 

4.5 0 1.18   2.37 bc   2.93 bc 4.03 c 4.03 c 

5.0 0 1.12   1.87 cd   2.43 cd   3.90 cd   3.90 cd 

5.5 0 1.30 2.4 bc   3.05 bc     3.65 bcd  4.52 bc 

6.0 0 1.17   3.00 ab 4.22 a 6.58 a 6.58 a 

6.5 0 1.23   2.22 bc   3.10 bc  4.61 bc   4.61 bc 

7.0 0 1.05     2.58 abc   3.55 ab  4.92 bc   4.92 bc 

7.5 0 1.17 3.23 a   3.97 ab  4.89 bc   4.89 bc 

Mean - 1.12 2.39 3.14 3.82 4.64 

    C.V. (%) - 15.23 26.57 15.38 17.82 16.53 

 LSD0.05 - - 0.81 1.04 1.33 1.33 
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  (2545)  

 
  

 
 

  105  LS  2,4-D 
 2   pH  9   30 

   10  
  

 2,4-D  Evan et 
al. (1981)  2,4-D  DNA  RNA 

 mitosis  G1  
30    (2537)  

 105  MS  2,4-D  
 4   

 2,4-D  2   6.9  
 pH 5.8  6.0  5.63 6.58 

 
  Pasqua et al. (2002)  thin cell layer 

 pH  3.0-7.0   pH 6.0 
 thin cell 

layer  11   pH 6.0 
 pH   Bhatia and Ashwath (2005) 

 MS  pH  (4.5-7.5)   pH 
 

 2.1-5.0  
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5.  pH  
 LS  

pH  9   4.5   

30  pH   
  pH 

  105  pH  

30  (  4.5)   pH  6.5  pH 

 5.64   pH 

  pH 7.0  5.27  pH  5.5    pH 

  4.91  

 

 
 4.5  pH  

     30  

    1 =  pH  5.8  2 =  pH  4.0 

   3 =  pH  4.5  4 =  pH  5.0  

   5 =  pH  5.5  6 =  pH  6.0  

   7 =  pH  6.5   8 =  pH  7.0 

   9 =  pH  7.5 
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 4.5  pH  

 pH  

  

5.8 (control)    5.03 def 

4.0  4.97 ef 

4.5     5.14 cde 

5.0  4.97 ef 

5.5                                  4.91 f 

6.0   5.21 cd 

6.5 5.64 a 

7.0 5.27 c 

7.5 5.46 b 

Mean 

 C.V. (%) 

LSD0.05 

5.18 

4.7 

0.18 

  
  105  pH 

 9  (4.0-7.5)  pH  

 pH  4.91-5.64  Shibli et al. (1999) 

 3     spunta  

  pH

      spunta 

  2  4   pH 

  pH  5.8 

 pH  5.45  5.48 

  pH  5.51  5.54 

  spunta  pH  5.51  

5.41    Skirvin et al. (1986)   pH 

  pH 
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 5.7-8.5  pH  

 pH  5.11  

 48   pH  4.55   

pH 6.63  pH 4.58 

  pH  George (1993) 

 (H+)  anion 

 pH  pH 

  malate  neutral precursor (Findenegg et al., 1986)  Skivin et al. (1986) 

 MS  Cucumis melo 

 pH  pH  4.6-4.9  pH 

 (3.3-8.0)  pH 

  NO3
-  pH  

 NH4
+   pH  (George, 1993) 

 Thorpe et al. (2008)   (anion)  

pH   (cation)  pH  

 pH  

 OH- (hydroxyl)  NO3
- 

  NH4
+ (ammonium)  proton (H+) 

 

 

 1.2  
  

 1.  
 

 pH  (  

4.6 )   pH 6.5  14.540  

  pH 7.0 (13.710 

)  pH 4.0  4.5 

 0.088  0.359    pH 5.0 
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 4.095   pH  5.5-6.0  7.5 

  11.183-12.469 

 

2.  
  4.6 

 pH    pH 4.0 

 13.109   

 pH 4.5 (13.023 ) 

 pH 5.0-7.5  12.898-12.955  

 

 4.6  pH  

 pH  
 

( ) 

 

 ( / ) 

5.8 (control)       12.469 bc   12.954 bc 

4.0   0.088 e 13.109 a 

4.5         0.359 e   13.023 ab 

5.0          4.095 d   12.955 bc 

5.5       11.455 c   12.950 bc 

6.0         11.183 c   12.944 bc 

6.5         14.540 a   12.910 bc 

7.0           13.710 ab 12.898 c 

7.5        11.884 c   12.911 bc 

Mean 

     C.V. (%) 

   LSD0.05 

8.86 

18.17 

1.61 

12.96 

0.89 

0.11 

 

  pH 

   pH  

 pH  (4.0-4.5)  

 pH 5.0  
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  Huang et al. (1995) 

 gelrite 

 MS 

  pH   gelrite  MS 

 gelrite  NH4NO3  

  gelrite  (agar)   pH  

 pH   (Mannitol) 

  Cameron (2001) 

  3  (half-strength 

Litvay, DCR, and Murashige and Skoog)  2   agar  

gelrite  Ca  

   3  DCR > ½ LM > MS 

 Ca  agar   gelrite  

 Ca  

 Ca  gel hydration (Anonymous, 1992) 

  

agar  nitrate (Wetzstein et al., 1994) 

 DCR, ½ LM  MS  NO3  

 agar  0.3  0.5%   gelrite 

 NO3  NH4 

 (Huang et al., 1995) 

 

   

  pH  (4.0-4.5)  pH  

   Shibli et al. (1999) 

 pH    

  3    
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 spunta     spunta 

   pH  5.8 

 7   pH  2 (

)    2 

  2  

 

 

 spunta  

 

 (Pierik, 1987; Shibli et al., 1992) 

 2  somatic embryo  
  30  

  pH 6.0 

  

 LS    2,4-D  NAA 

 2, 4, 6  8  

  16   ± 25 

  

  embryogenic callus  

  

   

 (  4.6) 

 1  
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 4.6  

    

        a =  

  b =  

 

 LS  

2,4-D  NAA    2,4-D  2  

 6   embryogenic callus  

embryo  globular    2,4-D  4  

 2,4-D  8   embryo  

globular  15   globular    2,4-

D  2  8   globular   49% 

  2,4-D  6  NAA 2   

  NAA  

 5-6%  2,4-D  2-6   1% 

 2,4-D  8  

 

 2,4-D NAA  2,4-D NAA 

 8   42%  37%  

 

 

 

a b
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 4.7  2, 4-D  NAA  

      1/ 

 

 

( ) 

 

( ) 

Globular 

(%) 

 

(%) 

 

(%) 

2,4-D 2 6 49 1 23 

4 8 46 1 23 

6 10 47 1 40 

8 15 49 0 42 

NAA 2 10 47 6 10 

4 10 23 5 13 

6 10 34 5 24 

8 12 36 6 37 

1/  

 

  embryogenic callus 

 globular   LS  2,4-D  2 

  globular  49% 

  6   Kermanee (2004) 

 105  1 

 8    2  N6  2,4-D  2  

4   1 

 105   

 NP1 NP3  MSP1 

   2,4-D 

 6-8   NAA  4-8   

 

  Mariani et al. (1998)  somatic 

embryogenesis  Nipponbare  MS  2,4-D 

 2   2,4-D  1  

   somatic embryo  
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proembryo globular scutellar  coleotilar  

embryogenic callus (  globular) 

  

 (  , 2540)  


